The human body is the perfect example of an efficient machine. Every machine requires repair and replacement of defective components for proper functioning. Unlike machines, the spares for the human body are not available. Tissue engineering has tried to find out the answer to provide the spares but none can match the quality of natural tissues. Human tissues can be harvested from the dead, potentially dead and before the death of transplantable tissues has occurred and can be occurence of stored suitably to be used at the time of need later. This concept is the basic idea behind the development of tissue banks. Tissue banking is the activity of harvesting, processing, storage and distribution of transplantable human tissues. Tissues retrieved from the human body are used to repair and or replace the diseased or lost tissues of living human body and have saved many precious lives. The common tissues being harvested and used are cornea, skin,\[[@ref1]\] bones, cartilage, joints, heart valves, fascia, tendons, and duramater from human cadaver.

Practically any human tissue can be harvested and banked for clinical use and research. Biobanking of normal and tumor cells,\[[@ref2]\] stem cells from bone marrow, umbilical cord, and adipose tissue,\[[@ref3]\] are increasingly used by pathologist to maintain cell lines and bioengineering.\[[@ref4]\] Newer applications of autologus banked tissues for future use are being regularly reported in literature viz., blood vessels,\[[@ref5]\] testicular tissue,\[[@ref6]\] ovarian tissue,\[[@ref7]\] nipple areola complex,\[[@ref8]\] sperm, penile skin,\[[@ref9]\] cord blood, Placenta\[[@ref10]\] etc.

HISTORICAL BACKGROUND {#sec1-1}
=====================

History of tissue banking is as old as use of skin grafting. Reverdin in 1869 described skin graft in clinical practice for the first time.\[[@ref11]\] In 1871, George Pollock used his own skin along with patient\'s skin for coverage of a burn wound.\[[@ref12]\] Girdner in 1881, first reported successful use of Cadaver allograft in burn wound.\[[@ref13]\] Wentscher in 1903, reported that skin graft stored in refrigerator after harvesting, retain their viability for 3-14 days.\[[@ref14]\] Following these successes, clinicians started using more allografts for wound coverage to save major burns patients. With advent of blood bank establishments in 1930, the foundation of tissue banks also started taking shape. US navy established its first tissue bank in 1949. Research in prolonging the viability of graft, by storage below zero degree Celsius temperature, done by Baxter in 1948, Billingham and Medawar in 1952, further strengthened the roots of establishment of tissue bank in large number of institutions.\[[@ref15][@ref16]\]

As development in field of skin grafting was going on, use of bone graft also progressed. William Macewen in 1881 used bone allograft from the tibia of child suffering from rickets and used it for the reconstruction of a humeral shaft of another young boy.\[[@ref17]\] Erich Lexer (1908) used large bone allografts harvested from amputees and used them for filling the bone gaps following osteomyelitis and tumors.\[[@ref18][@ref19]\] Bauer in 1910 reported that refrigerated allograft bone could be successfully transplanted after three weeks of storage.\[[@ref20]\] Tuffier (1911) succesfully used thin refrigerated slices of bone for transplantation.\[[@ref21]\] Trout utilized bone graft from a father to fill the defect of spina bifida of his son in 1915.\[[@ref22]\] In 1947 Bush and Wilson preserved bone graft at minus twenty degree celsius temperatures and built a bone bank for storing smallbone pieces.\[[@ref23][@ref24]\] George Hyatt of US Navy in 1949 established the first tissue bank at Maryland. He also utilized freeze-drying for bone storage. By the later half of the twentieth century Rudolph Klen opened Hardec Kralove tissue bank Czechoslovakia in 1952. Leeds tissue bank was established in City of Leeds (U.K.) in 1955 followed by German Tissue Bank in Berlin and in Warsaw (Poland) in 1963. Burma tissue bank was established in 1981 at Rangoon and in 1984 Bangkok Biomaterial Centre at Thailand in Asia.\[[@ref25]\]

Unorganized tissue and skin banks on individual department basis are in existence in major Plastic Surgery and Burns department of this country since a long time where surplus skin grafts/ bone grafts from patient is stored for later use in the patients. A similar skin bank is in operation at Safdarjang Hospital, New Delhi since 1964 for storage of Skin and amnion. Freeze dried skin grafts and amniotic membranes were also used in patients after installation of freeze dryer in 1976, which was later discontinued due to unfavorable results. The department has low temperature deep freezers for long term storage of tissues at minus eighty degree Celsius. In 1988 Tata Memorial Hospital Tissue Bank was setup in Mumbai. It was truly multi tissue bank wherein amnion, dura mater, skin and bones were harvested and stored. All tissues were terminally sterilized by ionising radiation for the first time in the country. The bank supplies tissues to other centres also.\[[@ref26]\]

DEVELOPMENT OF TISSUE BANK {#sec1-2}
==========================

Research in the field of tissue preservation at low temperature and high clinical success of transplanted tissue led to increase in the use of stored tissue in major burn and trauma patients. Increased demand of allografts resulted in the establishment of in house tissue banking activity at major burns center(s). Large numbers of skin banks were opened near major institutions handling burns patients in US. There are more than fifty operational skin and tissue banks in the US at present.\[[@ref27]\]

ACTIVITY OF SKIN BANKS {#sec1-3}
======================

Skin banking is a process in which tissue is removed from a donor\'s body, tested for suitability as a graft material, packaged and stored and finally reused as a graft. The tissue intended to be used may be harvested from living, brain dead and dead donor. The harvested tissue is processed and needs to be used immediately or stored for future use. Strict adherence of protocols, procedures and code of practice provide safe tissue of reliable quality fit for human use.

Preparation of donor {#sec2-1}
--------------------

Tissues are collected from human cadavers within 12 hours of death for non- refrigerated bodies and within 24 hours for refrigerated bodies.\[[@ref28]\] Upon arrival the body is thoroughly washed with water and Povidone Iodine Scrub twice. Body hair are shaved off and the body is examined in details and is wrapped in clean sheets. Blood is collected from femoral vein or ventricle puncture. Microbiological surface swabs are collected from four or five skin donor sites. The body is stored in mortuary cabinets at 4°C. All the legal formalities and paper work are completed, medical history and records are checked and suitability of donation is explored. Consent as per local regulation is obtained. A unique identification number is generated and henceforth the same number is used to identify the source and harvested tissues to maintain confidentiality. After the exclusion and inclusion criteria have been fulfilled and it has been decided to harvest tissues, the body is shifted to the operation theatre for tissue retrieval.

It is beyond the scope of this article to discuss the process and preservation of variety of tissues harvested, processed and stored in tissue banks; however the processing and preservation of two most common tissues which are increasingly used by plastic surgeons are discussed here.

TISSUE RETRIEVAL {#sec1-4}
================

Same protocol is observed in the operation theatre for harvesting body tissues as is done in living patients under full aseptic precaution. Skin preparation is done by using povidone iodine and isopropopyl alcohol and area is draped with sterile sheets. Sheets of split thickness skin are removed by electric dermatome. Harvested sheets of skin are washed with saline and immediately transferred into sterile containers containing Eagle\'s Minimal Essential Media and sealed. Skin harvested from different body area is stored in different containers to prevent cross contamination. 1-2 Square cms of skin piece from each area is collected separately, properly labelled and sent to laboratory for determination of viability. All containers are properly labelled mentioning time/date, site of harvest and approximate size and unique ID. The containers are stored at four degree Celsius in refrigerator.

Majority of bones grafts for tissue banking are obtained from femoral head, removed from living donors, being operated for femoral neck fracture and hip transplant procedures. Large segments of bone with or without joints are removed from cadaver limbs under sterile conditions.

TISSUE PROCESSING {#sec1-5}
=================

Tissue Processing and storage temperatures differ for different Tissues. All tissues are processed under aseptic and sterile conditions and in clean room of class 10000 under laminar air flow cabinet. Processing of only skin and bones are described below. Once the microbiological and serological samples collected at the time of storage of cadaver are reported negative and found suitable for transplantation, tissues are processed further for storage, otherwise tissues are destroyed. Skin graft is tested for viability as well. There is progressive loss of surviving cells in skin graft following death. The success of transplant depends on the number of living cells in the graft. A number of tests \[[Table 1](#T1){ref-type="table"}\] are available to find out viability of skin. Tetrazolium salt test give quick and fairly predictable results.\[[@ref29]\] Skin grafts showing viability below 80% are not suitable for storage. The tissues are removed from quarantine fridge and transferred to tissue processing laboratory having clean room of class 10000.

###### 

Test for viability of skin
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Skin {#sec2-2}
----

Processing of Skin for storage at above zero degree Celsius and below zero degree Celsius is different.

Storage at above zero degree celsius (Four degree) {#sec2-3}
--------------------------------------------------

Skin grafts are taken out from storage media and put into fresh Eagle\'s Minimal Essential Media in sterile container. The media is changed after every third day.\[[@ref30]\]

Storage at sub zero degree celsius {#sec2-4}
----------------------------------

The storage media is discarded and the grafts are soaked in Eagle\'s Minimal Essential Media with 15 % glycerol (Cryo protective agent) for thirty minutes.\[[@ref31]\] The grafts are spread on a fine gauze piece soaked in media with glycerol. Folded grafts are transferred to sterile flat packets and sealed. Addition of glycerol prevents intracellular ice crystal formation and cell death (Cryo preservation).

Irradiation, Freeze drying (lyophilisation),\[[@ref32]\] Glutaraldehyde,\[[@ref33]\] and glycerol immersion\[[@ref34]\] of skin grafts are other preservation methods. These processes make the skin graft non-viable but prolongs its shelf life. Freeze drying also compromises the advantages of skin cover like poor adherence on wound bed and barrier to microbes.\[[@ref35]\]

Bones {#sec2-5}
-----

Harvested bones are cleaned by fluid pressurization which eliminates bone marrow and cellular debris.\[[@ref36][@ref37]\] Ethanol, ether, acetone and hydrogen peroxide are commonly used clearing agents. Washing with hydrogen peroxide for less than 60 minutes the retains osteoinductive properties of bones.\[[@ref38]\] Bones are shaped the into large blocks, small blocks, granules and powder. No special processing like addition of cryoprotective agent is needed for storage of bones at below zero degrees Celsius. Bones are preserved by freezing at zero degrees Celsius in liquid nitrogen at minus one hundred ninety six degree Celsius. Bones can be freeze dried (lyophilised) as well.\[[@ref39]\] Sometimes, bones are irradiated with 25 KGy for sterilization. It is a very effective sterilization method for majority of microbes except HIV.\[[@ref40]\].

Storage {#sec2-6}
-------

Proper storage of processed tissue is the key to the success of tissue transplant. Maintenance of temperature during storage is crucial. Deep freezers fitted with temperature backup and alarm system during power failure are a must. The inner chamber temperature of each deep freezer is monitored and recorded round the clock. There should be alternative arrangements to store tissues during major breakdown/ disasters. Different tissues should be stored in different freezers at pre designated temperatures.

Processed tissues are maintained at following temperature zones-

Four degree celsius {#sec2-7}
-------------------

Tissues stored at four degree Celsius temperature retain their viability for only two to three weeks. Frequent change of storage media (every third day) is required for the preservation of skin graft.\[[@ref30]\] This carries a high risk of contamination, and is labour intensive and only suited for storing small quantity of grafts.

Minus seventy degree celsius {#sec2-8}
----------------------------

Tissues stored at minus seventy to minus eighty degree Celsius retain their viability for more than six months.\[[@ref41][@ref42]\] Skin grafts are preserved in cryo protective agent to prevent cell death. Tissues are pre cooled in controlled rate freezer preset at the rate of one to two degree Celsius temperature drop every minute to prevent cryo injury to cells.\[[@ref31][@ref43]\] Once the desired drop in temperature is achieved, packets containing tissues are transferred to a deep freezer. Deep freezers providing minus eighty degree Celsius are readily available and economical to run. In case of a power failure, the temperature can be maintained by Carbon dioxide temperature backup system.

Minus one hundred eighty to minus one hundred ninety six degree celsius temperature {#sec2-9}
-----------------------------------------------------------------------------------

This temperature offers the longest viability for stored tissues. Skin allografts are reported to maintain viability for up to ten years.\[[@ref27]\] Tissues stored in cryo protective agents are pre cooled to minus eighty degree Celsius and then transferred to the liquid nitrogen containers. Ultra low temperature deep freezers are other alternatives which can be used.

Bones are also preserved by freezing at zero degree Celsius, in liquid nitrogen at minus one hundred ninety six degree Celsius.

Amnion {#sec2-10}
------

Amnion is extensively used as a biological dressing in burns in developing countries due to ease of availability.\[[@ref44]\] Amnion is collected from placenta following delivery. The membrane is washed thoroughly by 0.25% Sodium hypochlorite solution.\[[@ref45]\] The membrane is air dried and lyophilised. The lyophilised amnion is sealed in packet and gamma irradiated by 25KGy.\[[@ref46]\] The lyophilised amnion has a very long shelf life of five years and stored at room temperature. Amnion can also be stored in 85% glycerol after proper washing, up to two years at four degree Celsius temperature.\[[@ref47]\]

Transportation {#sec2-11}
--------------

Banked tissues are transported under strict temperature control in special containers to prevent cell death. Tissue being transported to short distances can be thawed at the bank itself and then can be transported at 4 -5 degree Celsius temperatures if the time interval between thawing and application on the patient is less than 24 hours. In other situations, frozen tissues are put into insulated container with dry ice (Solid CO~2~) to maintain temperature of less than minus fifty degrees Celsius. Frozen tissues stored in liquid nitrogen are transported in cryo containers containing Liquid nitrogen. Tissues stored above zero degree are transported at four to five degree Celsius. Before tissues are dispatched, the label of each package is checked, their suitability for transplantation is ensured from records and they are dispatched along with detailed instruction of thawing and clinical application.

Rewarming {#sec2-12}
---------

Cryopreserved tissues are re-warmed to room temperature in two to four minutes to decrease the damage to the cells.\[[@ref48][@ref49]\] Heating of tissues by microwave energy is not recommended.

Clinical application of banked tissue {#sec2-13}
-------------------------------------

Banked tissue has reconstructive, restorative, therapeutic and academic uses \[[Table 2](#T2){ref-type="table"}\]. The list of application and uses is getting longer day by day with advancement in technology.

###### 

Application and uses of Banked Tissue
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Regulation and quality control {#sec2-14}
------------------------------

Transmission of deadly diseases is one of the major concerns following tissue transplantation. To eliminate this risk, every tissue bank follows a code of conduct which is strictly governed by the Tissue Banking Associations of their countries (e.g. American Association of Tissue banks, British Association for Tissue Banking, European Association of Tissue Banks etc.). Each country has its own standard operating procedure, guidelines and regulations to control the selection of donors, microbiological and serological tests, viability of tissues and ethical considerations.

Donor selection {#sec2-15}
---------------

All cadavers should be thoroughly examined and all available medical records are screened. Close friends and family members are interviewed. American Association of Tissue banks has specified about the donors to be excluded from donation \[[Table 3](#T3){ref-type="table"}\].\[[@ref50][@ref51]\] A donor should also be serologically negative for HIV I/II, Hepatitis B and C, Human T lymphotrophic virus HTLV-1, Cyto Megalo Virus (CMV) and syphilis. Presence of Group A, beta-hemolytic Streptococci,Clostridia sp., Coagulase-positive Staphylococci, Enterococci, Gram-negative organisms and yeast or fungi on the skin surface of donor make them unsuitable for skin donation.\[[@ref50][@ref51]\]

###### 

Conditions debarring tissue donation
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Infrastructure of tissue bank {#sec2-16}
-----------------------------

A dedicated building accommodating all the activities of tissue banking as detailed above is ideal. Adequate floor space for every area and provisions for future expansion is always kept in mind. About twenty percent of floor area should be reserved as storage space to avoid clutter. There should be adequate segregation of non-sterile, clean and sterile zones with separate access. Movement in sterile zone should be unidirectional. There should be separate air conditioning for all three zones without air mixing. Sterile area should be equipped with high efficiency particulate air filter and positive air pressure ventilation and preferably should have class 10000 clean room.. An in-house microbiology, serology, tissue typing and cell culture laboratory is an asset which provides timely and accurate result as well as obviates the need of out sourcing these services. A general layout plan of tissue bank is shown in [Figure 1](#F1){ref-type="fig"}.

![General Layout of Tissue Bank](IJPS-45-396-g004){#F1}

Manpower for tissue banking {#sec2-17}
---------------------------

Tissue banking is a labor-intensive job, which requires devoted work force and high work ethics. Tissue banking activity employs varied categories of staff from non-skilled to highly skilled technical personnel. Since this specialty is new in our country, the availability of trained staff for each job description would be unavailable. The banks have added responsibility of training their own workforce for specific area. Cadavers reception, cadaver preparation, documentation, and tissue retrieval area operates round the clock throughout. Monitoring of different preset temperature of stored tissues in each freezer is a major responsibility. Specialized Cryo technicians to handle break down of deep freezer should be available at short notice.

Social activity and responsibility {#sec2-18}
----------------------------------

Success of tissue bank is judged by the number of tissues harvested from donor cadaver. Availability of suitable donor cadaver is a major limiting factor. Tissue harvesting from deceased person is a relatively new concept in our country. Though the eye donation campaign has been in existence for last few decades, but families are reluctant to allow the retrieval of tissues from deceased person. Ignorance, misconception, fear of mutilation of body, religious belief and bereavement etc. are generally the causes. To promote active participation from community, mass awareness campaigns regarding tissue donation and its life saving potential, should be done at regular intervals. Participation of print and electronic media, community leaders, religious preachers, elected representatives and social organisations can mobilise massive support for this noble cause. A chapter highlighting the need and benefit of organ donation can be introduced in middle level school curriculum. Public felicitation, eulogising the noble gesture and conferring public awards to the families who have donated tissues of their deceased relatives will go a long way in mobilising the masses. Recently, Govt of India has amended\[[@ref52]\] the existing Transplantation of Human Organs Act 1994\[[@ref53]\] wherein the medical personnel have been given the responsibility to discuss and work out the feasibility with family members of terminally ill patient or potentially dead individual about tissue and organ donation.
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